can be used to construct a replica chamber and to determine its absolute calibration between 6 [3] , performed with two instruments which determine the total beam energy in absolute units, a refined version of the lead calorimeter described by Laughlin and Beattie [4] , and a large scintillation crystal [5] .
These absolute beam-energy measurements were used to calibrate an ionization chamber of a type labeled P2, so that a measurement of the ionization charge collected during an X-ray exposure deter The first experunent was performed with a scintillating crystal [5] , covering the energy range between 20 and 170 Mev. The next two experiments were performed with a calorimeter [3] , between 18 and 42 Mev and between 20 and 170 Mev, respectively. Experiment 4 was perl'oi'med with a crystal [3] In the experiments with radioactive sources, measurements of roentgens/min were made with a carbon cavity chamber [10] , and the beam intensities were calculated using the conversion factors of 2,959 ergs/cmVroentgen for Cs'" [11] 3,391 ergs/cmVroentgen for Co*'° [12] . In the X-ray tube experiments, measurements of roentgens/min were made with a free-air ionization chamber [13] R(E) (4) where I{E,E^^^) is the differential intensity spectrum in units proportional to watts/cmVMev, and R{E) is the conversion factor ergs/cm^/roentgen for photons of energy E. I{E,Eaia.x) was calculated by assuming that at these low energies, the unfiltered intensity spectra are proportional to (Em!,x~E) [1] , and correcting for filtration with published total attenuation coefficients [14] . The filtered spectra are shown in figure 8 . R{E) was taken from the literature [15] .
Sensitivity of P2-4 to IVIonoenergetic Photons
The calibration of an ionization chamber can be calculated from the equation Cab r I{E,E^,ME j; S{E)I{E,E^,ME (5) where I{E,E^s,:,) is the differential intensity spectrum at the face of the chamber, and SiE) is the chamber sensitivity for photons of energy E, the ionization charge produced by unit incidentradiation energy.
Knowledge of the sensitivity is a prerequisite for calculation of the manner in which the calibration depends on the X-ray spectrum.
The sensitivity of P2-4 to monoenergetic photons is plotted as a function of photon energy in figure 9. The solid curve was obtained by solving eq (5) an average photon energy to each of these spectra, plotting 1/Cal (P2-4) at this energy, in figure 9 , drawing a smooth curve through tliese points, and calculating Cal (P2-4) from eq (5 At higher energies, eq (5) was solved for S{E) hy the inverse-matrix technique described in reference [16] .
In this case, the calibrations came from the solid curve in figure  7 , and I(E,E^^:^) was taken from tabulations of Schiff integrated-over-angles differential-intensity spectra [17] , corrected for a filtration of 4.5 g/cm^of aluminum [18] . Examples of the predicted spectra are shown in figure 10 . This At low photon energies, the shape of S{E) is determined by the photon-attenuation coefficients in Dural, which decrease rapidly with increasing E, so that an increasing fraction of the incident energy penetrates the thick front wall of the chamber. In the neighborhood of a few Mev, the product of attenuation coefficient and wall thickness is of the order of unity, and the exponential absorption is less sensitive to changes in energy.
In this region, the predominant effect is a decrease in the efficiency of converting photon energy into electron energy, giving rise to the lowenergy maximum in S{E).
At higher photon energies, the increasing range of the secondary electrons means that the region in the Dural where the electrons producing air ionization are generated moves toward the front of the chamber. This decreases the effective wall attenuation and increases S(E). This increased electron range also means that a larger volume of Dural is contributing to air ionization, but tiiis change does not affect the calibration because it is compensated by a decrease in the fraction of its energy which each electron deposits in the air cavity. At energies where the electron ranges are comparable with the front-wall thickness (40 Mev electrons), the volume of Dural contributing to the ionization no longer increases with energy, but the fraction of energy deposited by each electron continues to decrease with increasing energy.
At the same time, bremsstrahlung production increases, and an increasing fraction of the secondary electron energy is reconverted into photons and becomes unavailable for ionization production. These two effects in combination cause a drop in S{E) and lead to the high-energy maximum. The variation with filter thickness and atomic number must be calculated with the help of eq (5) , and with I{E,E^^-^), the Schiff unfiltered spectrum [17] The correction for filtration multiplies the calibration of figure 7 by a second factor: Cal {tuZ,) Cal (4.5 g/cm^of Al) (7) These calculations have been performed for the special cases of aluminum and copper filters using total attenuation coefficients from references [14] and [18] change in response when a P2 chamber was bombarded at different radii by 1.5-cm-diam beams of various i?max, and of unit total energy. This change depended on the^' max used, but it was found that the dependence on radius, r (cm), could be separated from the dependence on -E'max, and the relative response could be expressed as i?(r,£'.ax) = l-/l(r)/2(£':nax). (8) The functions /i(r) and /2(-E'max) are plotted in figures 13 and 14, respectively. The latter has been arbitrarily normalized to unity near 10 Mev.
The beam-size correction multiplies the calibration of figure 7 by the factor rI{r,Era^^)R{r,Er, Jo rI{r,E^^y,)dr (9) where R{r,E^^^comes from eq (8) and I(r,E^^,,) is the relative intensity of the incident beam at radius r. The three factors of eqs (6) , (7), and (9) which these measurements were made [19] . Their labels, P2-?^, correspond to the order in which they were calibrated. In using eq (11) , it is convenient to define X and T in terms of thicknesses and densities of the individual chamber components: X=X(1) + .Y(4) + A^(10) + 5.5.Y(11) ; XU) = pU)t(j) (12) r=6[f(14)-T(ll)] F,^l+a{X,-X,)-h{T,-T,), (11) where subscript i refers to the dimensions of cham- when X is changed, and is plotted in figure 16 . (12) includes half the total thickness of the eleven inner plates, so that the front-wall thickness is measured to the center of the ion-collection assembly.
The quantities f (14) and T(ll) in eq (13) (14) could be added to eq (11) Oal (1100) Cal (7178) Cal (2024) Cal (2024 -4) . (15) The factors Ftp, Ff, and correct for changes in experimental conditions and can be calculated from eq (6) , (7), and (9), respectively. F^comes from eq (10) and should be measured experimentally, but can be predicted with reasonable accuracy from eq (11) 
